Bis(indol-3-yl)methanes have been synthesized at room temperature in high yields by the reaction of indole or 2-methylindole with aromatic aldehydes using the titanosilicate catalyst Ti-TUD-1 for the first time. The catalyst was recycled and reused five times with reproducible yields. This procedure has the advantage of high yields at room temperature, mildness of reaction conditions, operational simplicity and reusable nature of the catalyst which makes this protocol practically useful for the synthesis of bis(indol-3-yl)methanes.
Introduction
Ever since the biochemical 1 and clinical 2 use of various indole derivatives viz., bis(indol-3-yl)methane, 3 vibrindole A 4 and streptindole 5 was reported, attention has been focused on the development of cost-effective, simple operational procedures and high yield routes to bis(indol-3-yl)methanes (BIMs) and substituted bis(indol-3-yl)methanes. 6 In this communication we report, for the first time, the use of Ti-TUD-1, a mesoporous titanosilicate 7 catalyst for the synthesis of BIMs from the reaction of indoles with various aldehydes at room temperature. We have exploited the high surface area, larger pores, high Lewis acidic character and reusable
Results and Discussion
Mesoporous Ti-TUD-1 (Ti/Si mole ratio = 0.01, 0.03, 0.05, named as catalyst x, y, z respectively) catalyst was prepared by non-hydrothermal sol-gel technique and was modified from that followed by T. Maschmeyer et al. 7 It was then characterized by Transmission Electron Microscopy (TEM) and surface area analysis by Brunauer, Emmett and Teller (BET) method. TEM images (Figure 1 ) of the catalyst clearly show that the surface is highly porous in nature and is of a spongy type. There are mixtures of small and large pores well distributed over the whole surface. The pore sizes range between 5-15 nm. The porous channels formed are also visible in the TEM image. Due to the high porosity its surface area is also found to be high. BET measurement showed that the surface areas range between 380-450 m 2 /g for the three catalysts.
The mesoporosity was also confirmed from X-ray powder diffraction (XRD) studies. The high surface area ensured greater accessibility of the substrates to the active sites of the catalyst.
(A) (B) Figure 1 . TEM images of the lamellar channels (A) and porous surface (B) of the catalyst Due to its Lewis acid character, enhanced by the electron pull of the Si atom in the Ti-O-Si bond, and large surface area, Ti-TUD-1 could be effectively used as catalyst for the electrophilic substitution reaction of indoles with aromatic aldehydes for the formation of BIMs (Scheme 1). In order to confirm the efficiency of this catalyst, a comparative study was carried out with a variety of catalysts along with the Ti-TUD-1 with different Ti loadings and the results are summarized in Table 1 . Indole was treated with benzaldehyde as a model reaction in the presence of the catalyst in dry DCM and under N 2 flow. The reaction did not proceed in the absence of any catalyst. Also, with unloaded mesoporous silicate TUD-1 and bulk TiO 2 as catalysts, no product was obtained. Other titanosilicates like Ti-MCM-48 and TS-1 did not prove to be highly efficient in this reaction. Ti-TUD-1 catalysts with different Ti/Si content were studied and it was observed that with a Ti/Si mol ratio 0.03 (catalyst y) provided the best result. The optimization of the conditions was continued using the best catalyst with different solvent variations. We tried several solvents of variable polarity and the observations are shown in Table  2 . The reaction proceeded smoothly with the best yield (89%) in dry dichloromethane. Other solvents like toluene, chloroform, acetonitrile and tetrahydrofuran resulted in low to moderate yields. In the absence of solvent, no product was obtained. A series of reactions were carried to study the scope and generality of Ti-TUD-1 (y) catalyst using various aromatic aldehydes and two indoles. The results are shown in Table 3 . The bis(indol-3-yl)methanes 3a-o were synthesized utilizing indole 1a and 2-methylindole 1b with a variety of aromatic aldehydes 2a-l under the optimum conditions. In all the cases, BIMs were obtained as the sole products. Most of the aldehydes reacted with indoles to produce the bis(indol-3-yl)methanes in high yields. The effect on the yields of electron-withdrawing or electron-donating substituents on the aldehydes is shown in Table 3 (entries 2 and 7). It was observed that the reaction proceeded faster and in better yields with 2-methylindole 1b than with indole 1a possibly due to higher electron density at C-3. With indole, the reaction time was between 6-8 hours, while with 2-methylindole the reaction was complete within 45-120 minutes depending upon the electrophiles used. However, the catalyst did not show any activity towards ketones, viz., acetone 2m, acetophenone 2n and cyclohexanone 2o. After prolonged reaction time at room temperature as well as on heating up to 60 °C both starting materials remained unchanged. This can be attributed to the lower electrophilicity of ketones compared to aldehydes. Ti-TUD-1 is a very stable catalyst and can be recycled. It was reused for five consecutive times after being dried at 100 ο C for 2 hours. No appreciable loss in its catalytic activity was observed as is evident from the yields (Figure 2 ). The high catalytic activity of Ti-TUD-1 is probably due to the high accessibility of the substrate molecules to the catalytic sites of the mesoporous system where Ti 4+ is in tetrahedral coordination and being symmetrically dispersed over the three dimensional surface. Regarding the mechanism, it can be presumed that Ti-O-Si linkages at the surface bind with the aldehyde oxygen and increase the carbonyl activity. Indole then attacks the activated carbonyl to generate an indolenium cation. This intermediate, being unstable, is attacked by a second indole molecule and subsequent loss of water resulting in the formation of bis(indol-3-yl)methane. 
Experimental Section
All chemicals were of analytical grade and used as such without further purification. The solvents were purified by distillation. All IR spectra were recorded on Perkin Elmer RX-1 FTIR spectrophotometer. 1 H NMR and 13 C NMR were done on Bruker-Avance Digital 300 MHz and 75.5 MHz Spectrometer. 1 H NMR and 13 C NMR were done on Bruker-Avance Digital 300 MHz and 75.5 MHz Spectrometer. TMS was used as internal standard. A JEOL JMS 600 mass spectrometer was used to record the HRMS. TEM images were obtained from a Hitachi H-9000 NAR Transmission Electron Microscope at an operating voltage of 100 kV. The sample was prepared by placing one drop dispersed solution of the catalyst in acetone solvent on a carbon coated copper grid followed by drying in air. Melting points (uncorrected) were determined on a Köfler Block apparatus. Analytical TLC was performed using E. Merck aluminium-backed silica gel plates coated with silica gel G and monitored under UV light (254 and 360 nm) and also by exposing to iodine. Indole, aldehydes and ketones were purchased from Merck.
Typical procedure for the preparation of modified Ti-TUD-1 catalyst A modified sol-gel method was used to prepare mesoporous titanosilicate catalyst. Tetraethyl orthosilicate (TEOS) (Acros 99.5%) and titanium (IV) butoxide (Acros 99%) were used as the precursor for silica and titanium respectively. In the typical procedure, titanium butoxide was added slowly to the TEOS solution. A mixture of triethanolamine (TEA) (Acros 99%) and deionised water was added to a stirring solution and then triethyl ammonium hydroxide (TEAOH) (E-Merck) (20% aqueous solution) was added dropwise to maintain pH 9. The final molar ratio of the reagents was 1. Typical procedure for the synthesis of bis(indol-3-yl)methanes A mixture of benzaldehyde (98 mg, 2 mmol) and indole (200 mg, 4 mmol) were taken in a 50 mL round-bottom flask containing 5 mL dry dichloromethane. Ti-TUD-1 catalyst (10 mg) was then added and the reaction mixture stirred continuously at room temperature under nitrogen atmosphere till the full consumption of starting materials was observed (TLC). After the completion of reaction the catalyst was filtered carefully. The residue obtained was washed with ethyl acetate, dried at 100 °C and reused as catalyst. The filtrate was evaporated under reduced pressure to give the crude product which was purified by column chromatography using neutral alumina and appropriate ethyl acetate/petroleum ether mixtures as eluent. All the isolated products were known. They were characterized by melting point measurement, IR spectroscopy, 1 H NMR, 13 C NMR and HRMS spectrometry and elemental analysis (C, H, N) and were compared to their authentic data. 
